Methanogenic bacteria were isolated from landfill sites in the United Kingdom. Strains of Methanobacterium formicicum, Methanosarcina barkeri, several different immunotypes of Methanobacterium bryantii, and a coccoid methanogen distinct from the reference immunotypes were identified.
In both the United Kingdom and the United States, a high proportion of domestic refuse is disposed of in landfills (1, 11) . The methane generated by anaerobic digestion of the refuse in United Kingdom landfills is a potential energy resource of approximately 35 GJ per year (11) . To realize this potential, landfill management practices should be adapted to optimize conditions for methanogenesis. Hitherto, however, there has been very little information published on landfill microbiology apart from studies of public health aspects (2) . Attempts have been made to enumerate the predominant species of methanogenic bacteria from samples taken from different depths within landfills (3, 5) , and in this paper, we report the first isolation and characterization of methanogenic species from landfills.
Landfill samples were kindly supplied by the Landfill Research and Management Section, Harwell Laboratory, United Kingdom, and the sources are listed in Table 1 . Samples were taken aerobically and packed tightly into screw-top jars. The numbers of viable methanogens was not increased by filling the jars under an atmosphere of nitrogen (unpublished results). The landfill samples were incubated at 37°C in a defined mineral salts medium (BM3) (6) containing cefoxitin (Merck Sharp & Dohme, United Kingdom) with either acetate (50 mM) or H2-CO2 (4:1, vol/vol) at 203 kPa as the substrate. Methane was assayed by gas chromatography (7) . Methanogenic bacteria were isolated by subculturing in liquid BM3 and by picking colonies from plates of BM3 solidified with agar without cefoxitin. The purity of the isolates was assessed microscopically after growth of methanogens in a yeast extract-containing medium (Met3) lacking cefoxitin (4) . The isolates were grown in Met3 for characterization, except for the Methanosarcina sp., which grew better in BM3 without cefoxitin. Microscopic examinations were performed with a Leitz Ortholux II microscope. Optimum temperatures for methane production were assessed by measuring the rates of methane production in triplicate over the temperature range of 11.7 to 48.4°C at intervals of approximately 1.5°C. The specific rate of methanogenesis of each isolate was assessed in Met3 medium buffered to pH 6, 6.5, 7, 7.5, or 8. The buffers used were sodium phosphate (50 mM) at all pH values, TES (N-tris[hydroxymethyl]methyl-2-aminoethanesulfonic acid) and HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) (both 50 mM; Sigma Chemical Co.) at pH 7, 7.5, and 8; each buffer was used separately. Isolation of DNA and estimation of base ratios were carried out as previously described (6) .
Antigenic fingerprinting was done as described (8) by indirect immunofluorescence and quantitative slide immunoenzymatic assay (9 
